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(57) C^i^] 

'5-<?)«®T3 0~6 O-C, :*c^ffr'Ci 2f^^XhJS:g 



1 




3b «lia!4J: 



I 



mz^w^^ifi^^L^j:\Mmi^t\,zx ^m^^ixx 

[IS*3a3] H?iaftia50iB®*«tfiiE>%-ffl!l^H0^11i« 
izMLX 1 ~8 0%T'ftSC: i: Srltatf ■S.lf*3S2iE 

0 mm-cft s c: s-^sifc-r sw^2XJi 3ies!<or 
m^:. :!^^j:<bi>nmzTm-thmsimi:mmth 

V i'xmsiii^^m^ixtimiimimai^-hizmm^-^ 
x^?>zbi:msLb'ti>mtm5^eoyvy]^i^<7im 

im^r^ 7 1 mumi\jm'>- h izmtmmy ^ >^j^ 

0 0 0 OPoise ^XT\z'm-t^^ b ^^kX-tiih:! b 

#mi:-ri.ii^JS 5X«i6iaiitf07-'j rpjj^^iSjt:/^ 

?rlAO#(t7t:4t®r\ 4l^raJiLh. 3 0~15 0'Ci0ia 

im^m 1 1 3 BSo^oMEiaascocf'C^siEfii** i - 

1 0minT'S)§ii:2r?tS![t-ri,|i*]S9X«l 0^ 
[00 0 13 

^wm-rhmzm\-^(i>ixi>rvy\^^b-^<DWk-^mb 
irzmt. mz. M^^<^>yimizimtzm\'^(>tii>y 
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[00023 

[mkcD^mi mm^m-^m&mim^tmzm^^ 
i^ixhyoyu^i±. m(ii>^hT<jru^<om^^im 

[000 33 Ztii:>mLW^my >s)VM.ts:i: 

io, mmm'h^£>£<r>i^-ymib<msj(m,zi.^y 
')rv^\.z^t.ixh^m'^iy-v'>m<rmf^'m\.. r 

[0004 3 Z(Oiiol,zmmmii^mSiV yi-b^'>X\>^ 

^yvyu^ti. BmbT?>m^g(mnzMx-rhtt)b 

ic. mmco^^:}'-yiz:fj-yhLtz^k. i^-h^m^m^}^ 
Lxh. ^comkxuy'jyuycommn'mmo •y'f-co 

mc. m^zmm Ltimfx-it 2 tJcor u r p ^<7)iitwX 
b . nhixfzmmAi-wmiimrj:i>ixx l t a . 

<7iTti-{ \^\ihi>m-hTX}!S:hm¥^b^x^tzifi. m^m. 
miibLX(m$limT-ri>^j:b\ ««&6<a=3r*>ilS^ 

[00053 Cc7)J: SSS 

ifii^nm-rh-jjmffihhi}'. zcrnt-Yu^ir-yy-?'^ 

>i.iWbxnm*j:tim%t:.ixt:m.-^mm<^mmz ^ 

^j:miiki,znm^-ti.w,^x<r>mnz\m lx v^^rv 

[00063 zcofztb. y')y\y'/<r>mmi.z-9)V':^^n 
m^^. y')yi^y^m<r>m^n±ifiwmmzi^hm-t 
i,zbim^x'mm^w<r)'<j-z'o^^i&'Y^-^x. xr 
v=7'yyim3tth-fimifii^^tix^^h. z.<n^}vy 

h\,z\,i^m:hhi)^. mzs -y iJ'ttSrffijIit^-lirS/cft 
tc-rr-Ts 9i\^9tl^^mii^\lz-^-tithZb^zti:ht;i 

hb. 9)v^\m-\.z¥sm'^^hzbtm.t.\^\^if. m. 
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io0 2- 



32 7 0 7 6A) 



[0 0 0 71 ^v^j±, msimi 1 98 6^4^7—1 
oamm) sz/msam ( 1 9 87:^4^6~9bib 

{ r Production of void free composite parts withou 
t debulking j , ^Degree of impregnation of prepre 

gs - Effects on prosity j ) izWi7ri^ixX\^i>m^^^ 

(?5r 'J yuyi:n.m t^t # co/irat: h ^ -y r^ixTtx 
T'^mii^m^<mi>zmfi-rtiii^cr>msiim^^ tih 
fz^. if^-fYt)<^th<r)^m3tx^htLx\^h. 
(0008] m^tmim&i^- h<r>)^mmi>zm^x 

%^m.^ixtzmmimjLLtzmm.ti^mtimx^ixx^^ 

[0009] ^V^«. !»^T2 - 2272 1 2^<ikmz 
mr^^ixX\^h:fimX'\i. ^■^mzmih^'k^-th^- 

aster u ruy<r>m&)i\pnz\ii'>tzf'm.<7mm^mm. 
Tv^?,. \m<7)-)j^i~^[zLxmse.y')y\y!^i^ 

i:m±X^htLX\^h. 
[00 10] 

tix\^^\,^imm>im^'fSi^ . y^jyv^b^tiitm 
\^x\>^^j:\.^m^\tm:Mmtwm*ix\i^htzih. n 

hix. mzt,i^<r>^^'^hfitzs^m^d^^tm<r>m^^ 
r>i^TM-^i^^\:.. m&i}iLXW!S^j:XWfi^\:.h:ik 
[00 11] ^tz. frliaffiC{±ffl|g*-'1?ffiLTV>^irV> 

xwm-t^m^. m^\.zi5\^xm^^'^m^-txmm-t 
i>:.tt/iX'^-r. r!;7'u^oixoMv'>tt**fiT-ri>. 
[00121 --n. ms^2- 22721 2^^^m\,zm 
^^fix\^hy')TV':^^m<,zmm^m^-th-Hmx' 

±T2Ji*<#Cfl«^S«'HC3£llt-i.J:a«®$ix^w 



r 'J r\^ym^<7)\mti<i<r)±.i,zmm^ixfzy'j 

[0013] :i!i^mii)^i)^i>mk<Djsimj^i:mm-^< 
^j:^ixt:i,(r>xf)*) . yvTi-yirmm^-^x^sh^ 
m^i>mz^ r'jru^c7)®S(-xr*ih7>y7-$ix 

[0014] 

[il!SS:fil^-rS/^i6i7)#S] ±ieSSS5rM^-rs^v:tf> 

'j-y^;^fflit***g$ixT^r.5r'jrw^^x-fc-5T, 

. mmmziswsmm-^hm'^-^^'jiiL . %'m\.z 

{i. mmm.'^ij'7:^m^j:^<m.\mm'^--H^\.z^\ 

[0015] ifW?i<r>y^)yvnt. 'yts:< t h)^mm 
mi,z^nmz'timmi)^^L^j:^ytm^^t>m^^ti 

mx.im^^^'y^y:f^^t}m^}^<7)m^:f3mzx •?« 
it^-±fzb^i,zh. mmz^^-( \^i}^m.-t^zb^<. 
mm(r)mmff3^m?:isix.fzm&m^'^%hz b tfix^ h , 
[0016] z.tnt. mty')yvi^<oPxmmimcowiii 
wm^a^. mmmmiza^^x . mm^azmmzy'y 
•y y^tifzx.T'^i&mmcom^m^ b'<^mfM b^^fz 
ifixhh. ^fc. wi%^miumtm&v^. mm'^^^z 
mit^ixi>tx<miz. mm<mm¥mmmmt^b 
g£»L, m^\.zii^mtz^tih. 
[0017] Hfcti, mw^mmm^z^mmifi-k-mz^ 
mLxi5*)%'s.mz^mimi}^^^'t^m^^mi>^ti^ 

(00181 *fMg*3S2lcf^l,§*H«-C-(i. mt^^ 

mm'hmm^b-^j:^X\>^h:Lbi:^bLX\^h. c 

i: -r s c t i 0 . eiat: h 7 -y r Sixytixr-^^ 

(00191 ^wrnmr^sizi^h^mi. H?ieaa5<^® 
nifimtD^mmmffy^mi^zn lt 1 0 %x'hh:i 
b^msLb^i,. MicKf^sa{<o®«<it!ne)^-ffli^B<?) 

^iB®tc*fLT2~5 0%T'feSC:i:3&<»*Lv\ ME 



8 0% i 0 1 ^v^%&w±. iSJKiSftc^H<offliii<oga& 
[00201 ^f^m^m4i,zmimt. m'o-^omi 

[00211 i}^i)^^:^%B^I,Zihy'VyU^^§m-t^ 

izMLx-? h u -y ^xmm^ . 'yts:< )Lh^mzwmt. 
hw^m^mm-hi^o^z^m^^h^):.. ^tt/friev 

b U -y i!';^«lii*-'-^?t$ix/iHiiia3$-ft^«li^- V(r>'yts: 
< t i>)^^miiZ. DflflHSr tofiia^ ^ /UAt^UeH 
d!i®$rBuie3i-flJa«l->-htc|ti]{fCfliS0#(t-&C:i:, Sr 

^A.X'^j:h^b^^t^hy'jruy(r>^-nmim. 

[00221 ^wnx'mm-^m^j:mmm(^Mmmi>z 
(f^ast, xf^Aisat. r^sFiiKi*. .-i^oyaisi. 

;K p A N ) jk<r>mmimm.if\^ y ^5K<o^8Hi<ov ^ 

[00231 *?&HJTffiffl^ix&?$-fl:«Bilf h t , 

[ 0 0 2 4 1 «g7 -f ;UA<!0««Kov%T fci^fc 
IS^$ix-g.t<7)Tii:'Sr<, v h y -y :5'XffiBii:cO?g«1± 
t $r#mLT , -7 h y -y ^;^.®|g(50SStCiEtT®S, 

(00 2 51 HC. ■y^;?>Slit,#lclS^$ixS 
tt®lii3&*»tL<, 0'|;ltfx;K=Sfi^e91i§, ;KUx;^-r;u 
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KSBi. ;Ky'fSHSIii. i^r>'lSx;^-r;Pfch:^vU 

V'Jy^iiClJ^lifhithiiK x;K=Sf$^Sili?:fflv^i,C:i: 

(00261 x.+fdf i/^Bgi: LTJi. ^J;t{f 2't«g«St 
•C<5«.t'^7xy-;PASX,-K=iri^fflli. b';^^^^- 
/UFSxd^^v-ffiflg, t*7x:::^7l'Sx;jrdfi^a9|g. -^7 

^'U^^^XTlf^v-^Bl, >''>'>?D'<y:}'i/'x>^x;if=5f 

[00271 HIC(±, 3 '&figtUi<0^tfig14X;K=5f 

)i§&fflv^2,::tt-c§&. Jico^tteiixHrdri^eaiMi: 
LTti, 0iJ;itf7xy-;uy;K7-y^Sx;K^>-©lii, 
^WV-yl^Sx^^ri^fflli. xh7^yi^>'';Wi''r5y' 

v7 X h'j ^ y i^s^'^ur 5 y 7 X 

;K=Sfi^«ail, xh7=>fX (^^Ui^v'';P:t^£^7x::^/U) 
U v-v-VUx-x^USx^K^^-aii. ^\,^{i:C:it(i><?5ffi;^^ 
[00281 h U y ^';^.<SliitC{i®-fl5SPJS:«ll 

f\^j< -JT S y v''^ x-;u:^;i';^>'(0 J: d 

ijT^y. H7>y^kiSSxf-;l^T5>'moi:3^;W 
(0 02 91 ::ix<9<?)Jg!-fka'JS-7'f :7o;^r-fe;l/ 

jscfflv-is h i}ix'^ s> . ztit><7)mimi>zimitm^ 
Sriija^s fz»>izm^^^mitimmi:m^-^i>'*th ^itifi 

X'^h. n^L\^mtLX\t. =Jl^Ty=JT^¥l,Z3- 
(3, A—=J'^uuyx.~)V)—l. 1. i^'-'f^yUg^ 

{ D c Mu ) ^<r>mmm»ii^iii> v^Ji'f 5 rv-;usi» 
mmmm\ii Lxii&.;^^i>^thm. ^)vrf.ym^Ai 

(0 03 01 4Jtvl*i<bXjtf=Jf>'fflllifc®-ftS'L fcSV-* 

^(ommi'pizm^'thz thx-^h, z<7):mim& 
( 0 0 3 1 i Mtc, ±.T&Lfz-7 Y >j •yf'xmm<^m&m 

X;K^fvSliii:<Ol§JStt-^, ISt^l^miiLtlti^CO 



( 0 0 3 2 3 ^/c. mamt LX. -si^ttcT) 

i§-&lCj±, ll«e«KC^-?g*<$<J5 0x/mliLhc7)tcOli-^ 
[0033] *56BHc0SSBt*S{cS>o-C{i. 

m^i^tz^m&tiZi. ^mmmi^- h«owiai*>^>jfefe;^, 

Affile. I!gd]iffi$-*-ri.«S7-f;PAc7)Hyie[HiaffiS:ft!i 
JHi3^$itTV^Si^fc«iiJ'->^< fc t,frffl!l<OjJI^S:IHIfii 

[0036] Miefta^ i\^M.\i{hUifim^<n^m^ix 
x\^^mm\mmi^-y\iZt^v. mmimi,iy-Y 

immi}^mm§i:h^zx >o^y <i\^j^(omiz3\^im(> 

j^cr>mmzmfi5-th^mi. mmij^-^i^^ixrc^^iitms. 
i^-ht imtix^yhtzibm^mmiSiijifiii^m^. m 

■r^tiii^. wmznmrhsi'&ximnmz^mfSiiji 

[0037] *»*>S7-'jru^^«offi3i*s-rt4, r ur 
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\:,&ztcr>^\,->mif::y'*jyuy^m^izmm-hzt 

[00381 ;Uix£^[HaBPi:cO^Mi:«3li<^^ 

[0039] ^<Dtzi^. 2|s:fMf^«7tcCSS^BJ«i, fi 

•C% 4B*SJiLt.. HUiev h 'J -y ^^m<0^«2r 1 0 0 
0 0 Poise OTtcfiM^-rS C b. ^-^^•C=5^«. vl SrlfS 

^f^:Lh. 3 0—15 ox:\,z%^-th z k ^:i^^X'^t 

[ 0 0 4 0 ] c*^ J: 3 izii:mmmi:mM<nf&m&.Tiz l 
T , Mm^<r>®mTx\ 4 mmita <ztizx 
0, mmi}^+^m.. mmih^c^MLx^^i-mm^tn 
mLx. ms^r^^tmmsii^ttimnzm&^ti 

[0041] -i&izfm-ti>mm^^<-t^zkizx^ 

xmm(r)if^mi(&<^j:h. zcT^mimmmsi-^ h v -y 
^:^mmzx^xm^j:hi}^. -^iz^n-ri>umi3o 

-^izimmcDmimmij^m^mma^^wrt^ coic+^j-^ 
hi><^x\ ^nmniisox^aTt-rtztamtL 

[0042] *fr»*«9lcf^§^HJlcJ:ix<f , wflfiS 
^ ;U-i.$:<!M-rs ^ i: i 0 . fflii-^^tgS^J-** 

[0043] Mi=*<^ii*JS 1 0 izi^t^mxii. friB 

-f yPAcomiiaDflilSBJi. -f /UA® 

lZl^lZ^mLXMS.^tlX^i>Zti:mLt LTV^S. 

^WLl.X\>^XhX\\ 

[0044] 1 1 tzmh^tma. m*)^dm 



si£iiSi(r>'^'mmmfi 1 - 1 0 m m-c* i>zt ^mmt 

[0045] 

(01-1 mzm-if.i'^mmmmfhh. 
[0046] miT^jrvy 1 {±, mmmi^- y 2 

x.htifzi^-h^. ^-fkSatoSSWi*). :^-fm^j:Ki:m 

[0047] itner y r u-:?^ 1 (iffliis *«ssii!ifciio 
LTv%i,. mmi. m\jmi^-v\,zm^ifi+'ri' 
3 b t . m.'s.mzm^ifi^'^. mim\jsmifim\& 
[0048] HinEa»ta5^i-2 aa^?: . mfiesjig^ 

^tM-3b*<jfcitT^UTi^-i>, *^*6^j-r-{±, mm 

a§-i-?§gP^ 3 b 0«t»i:^iaSgMti l ~ l O m mT'$> s ^ t 

*<»^tv^. Bineasi5T'*>i.^iii-^?sgi5^3bco 

. ^mmk\,zn LT 1 —8 0 %-C* S ^ i: 
tv^, !5rfc, ;cofflii-&?iia5*3b<7)?g^mi^'5-Oii;^J 

<i. mm<r>^M)^^^-j^mzf&t.xms.. istf^sog 

[0049] *-*»&«^S:<li.7tT!;rW:J^S-i!!jtf S 
^z\i. ft, mtimi^- h (D)^mizM VX -e h 'J .y ^ 

x®iisr. ^-=5:< t hp^mzm^-t&mmm^m&n 

et*&L/cf^, wst3-/u^miSi^-th^t'<r)^mi.zx'o 
^mw^-hizmsii:-tm^-itx. t^mmizmmam 

'oX^m^titiy'Vy'i^y^'i%:^zti3^X'^ ^ . 

ti, Blt^^^-ehU yi^xfflliSrMXL/w^MSEtciO 

[0050] dc^ J; 0 tCii'-^< il^lgUlCiS^^ 4^111 

mizmmtm^x^i^^tifcyvruyffym^izii, -e 
^offifliJ!><^^oT■g•^sL.T^^6^l!lh{iRS^^7)ftilffi^l!l^^. ca 
ami: tofts^ >f ;i^Aoi5iEiH]eis$-i«ne5S'(b««ii' 
-Mc:i*](tTiiSo#ft.i.. z(ot^, mm^my^fi-j^ 
(mama, ^coauco;fi^t^m\jmi^-hiz^Lx 
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[0051 ] ^Bt*i-&jfi$ix^c«ria^^biS2«li^- M::mr 
OOPoise aTtLX4^ma±. 3 0—6 0 

°ccoiagTt:'4^SJ;A±. ftm-^ittio, Kriasi 
-fi^i^- h{4Htne«s:7 )Uj^<Da^^mmLx\'^h 
s^mzt5\^x-^<r>mm^Mzx o s i^asosng^^^Eii 
^t^mti>. ^<r>mMk. muz^^xoiz. 

mH-^i,zis:m^tim9mi,z'ti^mmimELx\>^i>iM 
m^issa^shb^*). ^my.^f\^j^tf'^i.x\'y^^^ 
9my ^ ji'M.<7)wmznj^-rhmmyiimsiti'm'miz 

[0052] Z<DX 0 ^^®3S:»]tcJ:4ffilii«0^ISJi. 

m}izmsit/^^Lx\<^i,mmizwamiij-:>umy < 
)vj^(n{hmi^mm\.x\^^hu%^^<r>wm<mmtf^ 

[0053] mim^y -r ^u^t LTti. 8!**-^>e^a 
y^)V2^b \^xm^^fi.x\^h-ii'^^):t.^wm<r>y 

tT . V h 'J -y XffiltcoS^efcltJ.tT 

[0054] mi.^y -f 7UA{iiJ'-^< 1 1 ^(rtvmt^ 
v\ w.z\i, mmhm'^^-^z^-^m\mzm^^1xx 

[ 0 0 5 5 ] S/i. mfiee^S^ >f 

eigBoisam~8o%T-s>o. mhu<rmmi.A--3 
o%x'f>?>zk^iiftt^\ 4^. Bio-&a#iaa5«o* 

'L^SSBffi*^' 1 - 1 0 m mT'3!> "9 , ISt3li|i|i£8gRUi 2~ 

5mmT-S)SC:i:*<»iLl>. 

[0056] mr. *l|Hjc7)ft#:(rt^||ift(5r!|2atfJtl!i!^J 

':>9my < )VM,t Lx , m^\,zm{hmti-mwL^ixx\-^h 
[0057] ( lesfiCT 1)^1 t;'iffljs A-ex4?^ 

3> (») mco^im, TR3 0 S (§l5i5i14* : 2 
3 5GPa) S:-:fr|6]lC§|#lfii.-ti^-h«1laTftS. 
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mmmy ^ )vm. t ss-ft^e^- h c i o , assise 

# (WT, rpAWj t-t-S. )*i2 0 0g/m2 ,^ 

B§#:t* (laT, TRCj t-r^s.. ) 5%<o-:^ri*] 

[00581 ■5-<oruri'^^<!0^ffliffl»c±iBx>'.i<x7 
-f;pAc?)nnfl®?-r'jri'7'Wc:i*i«tTiiS0#tt. so 

[00591 ±iEri;ri'i?'$rfflvM^c7)g2^]:^i*n*< 

C-45* /90° /+45* /O- /0° /+45* 
/90-/-45' D <0:^[6jT'8t5c«JiUT#'i>ix2.r 
VT'l^i'^yt^^ ^y^ ACOfmaz^ mSdZ^-^J^ol^Z. ^rh 

147 ^ yi-A 5 ?:ie UTWJi-r-s. . z<ommi^^:^mi 
-heitzmm-^. m^c. t!iss.mm^(^±mt,z:^'y:^m 

C0*>. l24tC^r^f^T'm$-tt^^. 
[0 0 6 01 vlClT', rUr^:/X^'-y:7 4c7)MffilcU 

ti:hm^9im^i\.hiLMz^ ^<nnm^z\tii=y7.^- 

>-! 03!?«iB$iX. ^«67-f;Ui>.4|*K0xr-^ftV^TiJ 
8 1 <7):^ja]^i£-^ LT i^-;l-^J 1 1 $r t> -p T yt-f 

[00611 '^hfLt:.^im.<r>^-^m^(n'&m^mM\^ 

i^<r)mmzWL-^ViPi<rm.mz^^m&-^if^^ Y\twm 

[0 0 6 21 (mmm2) :ii:i^^>-mmm^^i»ii.z 
Tf^Uzm^Biz^wLfziii^m. ±xmt&mitmmiz 

LX. FAW*«2 0 0g/m2 , RC**3 5%<^— :*rf6l 
rVy'l^^i:^^^ Lfz , -ecor U ru :/0«B{Blt'±E 

#tt. 5 0-C3?H^*T'l 2B^^nLfz. n^tltzT 

[0 0 6 3i»:tw, nhtLtzyvrui^^m&mi tm 

«tC8lS«SL, ll3tC^-rJ:atc>'N*='f:x:/LT. 05 

iZTM-^n-x-mit^-ttz, ^%hixf::^m^<om^^n(r> 



z^.yv Tuycnmrnizm-^ttmcmmiz^irRiw 
[00641 (m^ms) x.it^^'>i^sgfm.mimitz 

X. FAW*<2 0 0g/m2 , RCi)<3 5%<r>—:fj^T 

vif^xy /^A<ol^l!]lffiSrr u ri^^^fflW^rfiitfciiS 

(t. 1 3 0-C#fflm't'T'l O^ft^^L^c. ^#'c>^^;^v:r 

[00651 iji:^*-^ n^tLfzyjyu^^^m&m i 

coBffmSf^Lfg^S Of&OJt^SfSiStcTt^Lfci: 

z^. r^}r\^y(nmmz'^^mi^i<mmz^-kms 

[00661 (^^J4 ) ^ 1 lc5^LJtia«A<7)X,-Kdf 

i^mMm.'m^mmL. ®i§B#*^5 4g/m2i:'5ri. 

^i^'f ay (») S8i7)^ig|6MI, TR3 0S (51 
^tt*: 2 3 5GPa) i&i^-h«fc:gi^»|;tJt3S'fti 

yt-Tl^.M'^l^X. FAW*i2 0 0g/m2 -CRC*<3 
5 %0— *(6ir 'J ru- ^^Sr f^^ L A: . 
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